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EPOTH 1 L0NOER I VATE , HEMTELLUWG UNO VEftVENOUNG 



Die vorliegende Erfindung betrifft allgemein Epothilondtrivate 
und deren Verwendung sur Heretellung von Arzntimittaln. ln«be- 
sondere becrif ft die vorliagende Erfindung die Heretellung der 
Epothilonderivate der nechfolgend dargeatellten allgemeinen Por 
meln 1 bi» 7 sovie deren Verwendung zur Heretellung von thera- 
peutiechen Mitteln und Mitteln fur den Pf lanzenachut* . 
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in den vorscehenden Foraeln 1 bis Formal 7 bedeuten: 

R ■ H, Ci-4-AlJcyl; 

R l ( R 2 , R 3 , R 4 , R 5 - H, Ci.g-Alkyl, 

Ci- 6 -Acyl -Benzoyl, 

Cx-4-Trialkylailyl, 

Benzyl, 

Phenyl , 

Ci-g-Alkoxy-, 

Cg-Alkyl-, Hydroxy- und Halogen- 
subatituiercea Benzyl bzw. Phenyl; 
wobei auch zwei der Reate R 1 bis R 5 zu der Gruppierung -(CH 2 ) n - 
mit n - 1 bie S zusammentreten kdnnen und ea aich bei den in den 
Reaten enthaltenen Alkyl- bzw, Acylgruppen urn gradkectige oder 
verzweigce Resee handelt; 

Y und Z aind entveder gleich oder verechiedetv und aeahen jeveila 
fOr WaiiVAtoff , Halosin. ** cl - Br J ' p " udohalogim ' 
wie -NCO, -NCS oder -N 3 , OH, 0- (C x .«) -Acyl. 0- (C x .«> -Alkyl, 0- 
Benzoyl. Y und Z kdnnen auch das O-Ato* eines Epoxides sein, 
wobei Epochilon A und 8 nicht beansprucht warden, oder eine der 
C-C-Bindungen einer OC-Doppelbindung bilden. 

in der For—1 3 ateht X allgemein fur -C(0)-, -C(S)-, -S(0>-, - 
CRlR 2 -, wotwi R 1 und R 2 die Bedeutung haben wie oben angegeben, 
und -SiR a -. R di# B «d* utun 9 h*C wis oben angegeben. 

in der Formel 4 bedeutet X Sauerscoft. NOR*, N-NR 4 R 5 . und.H- 
!«C0««R*. wob.1 di. R..C. R3 bi. R> die oben angegeben. Bed.u- 
tung habem. 

in d« r««~l » *d.uc.t x w....r.coff Cl . xa -Alkyl. d.xs-ftcyl. 
Bansyl, Benzoyl und Clnnamoyl. 
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Far Epothilon A und B sei verwiesen au£ DE-A-41 38 042. 
Verbindungen gema& der allgemeinen Formel 1 sind ausgehend von 
Epochilon A und B sowie von deren 3-0- und/oder 7-o-geachutzcen 
Derivacen durch dffnung dea 12, 13-Epoxida zuganglich. Warden 
dazu Hydrogenvasaerstof faauren in einem bevorzugc niche waasri- 
gen Losungamittel eingeaetzt, wobei man die Halogenhydrine X - 
Hal, Y - OH und Y - OH, Y - Hal erhalt. Protonenaauren wie z.3. 
Toluolsulfonaaure und Trif luoraaaigaaure fuhren in Gegenwart von 
Wisstr zu 12,13-Diolen, die anachlieSend nach Standardverf ahren 
acyliert (2.B. mit Carbona4ureanhydriden und ?yridin oder 
Triechylamin/DMA?) oder alkylierc (Alkylhalogenide und Silber- 
oxid) warden. Die 3- und 7-Hydroxygruppen Jconnen dazu voruber- 
gehend als Formiat (Abapaltung mit NH 3 /MeOH) oder p-Methoxy- 
benzylether (Abapaltung nit DDQ) geachOtzt warden. 

Verbindungen gemlfi der allgemeinen Formal 2 aind aua Epothilon A 
und B aowie deren 3-0- und/oder 7-0-geaehutzten Derivaten durch 
Reduction, z.B. mit NaBH^ in Methanol erhaltlich. Sind dabei 3- 
0H und/oder 7-OH reveraibel geachOtzt, ao kfinnen nach Acylierung 
oder AlJcylierung und Entfernen der Schutzgruppen 5-0-monoaubaci- 
tuierte, 3,5- oder 5,7-O-dieubatituierte Derivate der allgemei- 
nen Formel 2 erhalten werden. 

Umeetzungen von Epothilon A und B mit bifunktionellan elektro- 
philen Reagenxien, wie (ThioJPhoegen. (Thio)Carbonyldimidaaol, 
Thionylchlorid oder Dialkylailyldichloriden bzv. -biatrif laten 
ergeben Verbindungen der allgemeinen Formel 3. Ala Hilfebaeen 
dienen dabei Pyridin, Trialkylamine, ggf. zuaammen mit DMAP hzw. 
2,6-Lucidin in •inea nichtprotiechen Waungamittel. Die 3,7-Ace- 
tale der allg*«minen Formel 3 entateheh durch umacetaliaierung 
z.B. von Oimethylacetalen in Gegenwart einee aauren Ketalyaa- 
tore. 
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verbindung.n gem.fi d«r allgemeinen For».l ♦ w.rd.n aus Epochilon 
11 M od.r thren 3-0- und/oder ,.0-ge S chu«ten Derivac.n durch 
o^olys. und reductive Aufarbeitung. *.B. mic Dim.chyl.ulf id. 
SStr Oit C-16-Ketone Konnen an.chli.fi.nd nach d.« Fach-nann 

Olefin* ub«rfuhrt. 

^ u ^toaruoot, *.B. mit eincra Aluminium- 
ourch R.duKtion ^^^^^^ ^ d.r alXg.«.i- 
od . r Borhydrid . nd di. "JJ^l -enn 3-OH und 7-oh le 
„en to*~l -r..h.» .ind. ..l.Hiv aeyXi.rt 

en«prech.nd.n Schut.grupp und 7-OH-Grup- 

pen .rtoXgt x.B. b.i O-Formyl durch HH 3 /M.CH. mi 
benzyl durch DDQ. 

.. .uoniiMn ror».X < w.rd«n au. Derivat.n 
Dl . v.rbindu«g.» "Y"^"^ d . n . a dl . ,-OH-Orupp. durch 
von Epoehilon A und B •« tal «"' * u dem di . j.oH-Orupp. 
Aeyi- od.r Eth.rgrupp« 1 ^nli.Bend durch 

» ml 7 w.rd.n au. Epothiion A und 
v.rbindungw d.r * ll9 ™*"J° tttma Derivat.n durch b..i.ch. 
B od.r d.r*» 3-OH- *• MeOH od.r MrfH/w.««. vor- 

HydroXy. .rhaltw. «.B. -it aUmmiam Fo «.X 7 au. Epo- 
xtt g«.i.. -^ rt d ^r-d« 7 On!g..chu«c.n 0.riv.«n 
thlloa Aod*r Bod.r d.r.« 3 08 oa . mit B.e.r.- 

durch en.y-tl.ch. Hydroxy.^ wlt Dl „o.X>«n.n n.ch 
.„ od*r Lip..«. Of ^^.rTg in E.t.r u-g.wand.Xt 
gcnutt d.r 19.0M.0WPP. ^rch Allcyli.run, 
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Ferner k6nnen Verbindungen der Formel 7 durch Lactonisierung 
nach den Methoden von Yatnaguchi (Trichlorbenzoylchlorid/DMAP) , 
Corey (Aldrithiol/Triphenylphosphin) oder Kellogg (omega-Brom- 
saure/Caesiumcarbonac) in Verbindung der Formel 2 umgewandelt 
werden. Einschlagige Arbeitsmethoden finden 3ich bei 

Inanaga ec al. in Bull. Chem. Soc. Japan. 52 (1379) 1989; 
Corey * Nicolaou in J. Am. Chem. Soc, 96 (1974) SC14; und 
Kruizinga & Kellogg in J. Am. Chem. Soc, 103 (1981) 5183. 

Zur Heretellung der erf indungagemlflen Verbindungen kann man auch 
von Epochilon C oder 0 auagehen, wobei zur Derivaciaierung auf 
die vorscehend beschriebenen Derivaeiaierungemechoden verwieaen 
werden kann. Dabei kann man die 12,13-Doppelbindung selektiv 
hydrieren, beiepieleveiee katalytiech oder mit Diimin; oder 
epoxidieren, bei.pielaweiee mit Dimethyldioxiran oder einer 
Peraaure; odar in die Oihalogenide, Oipaaudohaloganide oder 
Diaxida umwandeln. 

Di. eriindung b.cri«e t.m.r Mite.l for d.n ttluimsctaca in 
Landwirt.ch.ft. For.twirt.ch.ft und/cd.r G.rt.nb.u. be.t.hend 
au. ein.r od.r m.hr.r.n d.r vor.t.h.nd aufg.ffihrc.n Epochilon- 
d.riv.t. b.w. b..t.h.»d «u. •in- od.r ^hr.r.a d.r vor.tah.nd 
aufg.fohrt.n Epothilond.riv.t. n.b.n eine. od.r m.hr.r.n ubli- 
chtn Trig.r(n) und/od.r v.rdtanungwitt.Hn) . 

Se hli.ftlich b«rifft di. Brfindung th.r.p«ueiich. Miet.X. b.«.- 
h.nd TitTr L.r ~hr.r.n d.r vor.ch.nd .ufg.fOhrt.n v.rbin- 
SSTL^S-r od« -hr— d.r vor.ch.nd f^^Z' 
binln^ n.b« .in« od.r «.hr.r.n Oblich.n Tr.g.r<n> und/od.r 
v rd^«ng»i«.l,a ) . 01... Hict.X K*nn.« "^-S^T^ 
sch. Aktivit.t.n «.ig« und/od.r I„™un.uppr...ion b.«irk.n 
^od.r xur Sprung -Xign.r Tu«or. .i»g...t« «.rd.n. wobai 
T. bt.ond.r. b.vorrug* .1. Cyio.c.tiK. v.r-ndbar .ind. 
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Die Erf indung wird im folgenden durch die Baachreibung von eini- 
gen ausgew.hlten Auafuhrungsbeispielen naher erlautert und be- 



schrieben. 



B.iapiel It 
Verbindung l» 



Baiapiela 



20 mg (0.041 Ml) Epothilon A werden in 1 ml Acecon geld.t. mit 
50 Ml (0.649 mmol) Trif luore.aiga.ure versettt und uber Nacht 
bei 50 *C geruhrt. Zur Aufarbeitung wird dee Reaxtionsgamiach 
mit l M Pho.ph.tpuf fer pH 7 var.atzt und die wafirige Phaae viar- 
m.1 mit Ethyl.ct.t extr.hi.rt. Die vareinigten org.ni.chen Ph.- 
sen werden mit ge.Attigter N.triumchlorid-I*«ung g.we.chen, uber 
N.trium-ulf.t getrockn.t und vom L6.urig.«itt.l befr.it. Die Rei- 
nigung de. Rohprodukf. erfolgt mit Hilfe der pr4p.r.tiv.n 
Schichtchrom.togr.phi. (L.uf«itt.l: Dichlorm.th.n/Ac.ton, 85 . 

IS). 

Au.beute: 4 mg (19 %> Lomer I 
4 mg (19 %) Lower II 



R g (Dlchlormeth^i/Acton, as ; IS) : 0.46 

T . IMm%t ay - 3440 <«. b. Sch) . 2946 Sch) , 1734 

™ (r " BK (v.). 1606 («). 145« <«>. 137S <w>, 1256 

(a, sch), 1190 (w, b, Sch), 1071 (m, 
Sch), 884 (%#), 73S (w) cat* 1 . 

— " «* « r,r re- »v r • s ,t- 

113 (19). 71 (19). 5' « (24) - 
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Wftghaufiaauno? C^HiaQgNS be'r. : 493.2498 fur (M-H 2 0] + 

gef . : 493.2478 

Ifomtr XZ 

R { (Dichlormethan/Aceton, 85 : IS): 0.22 

Ift (Film) ; ny - 3484 (a, b, Sch) , 2942 (vs, Sch) , 1727 

(vs), 1570 (w), 1458 (m), 1380 (m) , 1265 
la), 1190 (w), 1089 (m) , 975 (w) , cm' 1 . 

MS (20/70 aVl r tn/a {%) - 493 (21 (M-H 2 01 *) , 394 (12), 306 (46) , 

206 (37), 181 (63), 166 (99), 139 (100), 
113 (21). 71 (23), 57 (33), 43 (28). 

Hochauflfliuna i C 75 H*«Q*NS bar.: 493.2498 fur (M-H 2 Oj * 

gaf.: 493.2475 



Balsplal 2 I 
Varbindung lb 

55 mg (0.111 mmol) Epothllon A wardan in 0.5 ml Tatrahydrofuran 
geldat, mit 0.3 ml IN Salzaaura varsattt und 30 Minucen bai 
Raumtamparatur garuhrt. Anachlia&and wird mlt 1 M Phoaphaepuf far 
pK 7 varaatie und dla vaSriga Phaaa viermal raic Bthylacatac ax- 
erahiart. Ola varainlgtan organiachan Phaaan wardan mit gaaae- 
tigtar Natriumchlor id- Mating gavaachan, ubar Natriumaulfat ga- 
crocknat und voai Ldaungamlttal bafrait. 01a Rainigung daa Roh- 
produktaa arfolgt ait Hilfa.dar prtparativan Schichtchromacp- 
graphia (Lauf mitt alt Dichlormathan/Mathanol, 90 : 10). Auabauta: 
19 mg OS *> 
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Rf (p ichlormethan/Methanol, 90 : 10) : 

r* rrilml- * ny - 3441 (S, br, Sch) . 2948 (a, Sch) , 1725 
TP (fUmi > (v., Sch), 1462 lm>, 1381 (w), 1265 Cm). 

1154 (v) , 972 (m, br, Sch) era" 1 . 

™ UttttoaaiJU u«bdw (i« «p-iK«» - «° «•">• 248 (4 - 111 

nm. 

m n,, eV), «/• C%> - S29 (13 Prt), 494 (10), 342 (38) 306 
^ mf g * (23) , 194 (32). 164 (100). 140 (31). 113 

(15). 57 (16). 
~ ti « rlMS ber.: 529.2265 fQr [M*] . 

' fffrhiniflftiwMi c 26 H 40 O6Ciws b«r.. g29 22g0 



B«i«pi«l 3 i 

v«rbiaduag lo 

25 - (0 .047 -.11 i2-Chlor-l 3 -hydroxy.epo C hilon A JlWj-j-- 

25 rag w.v«. {0.235 mraol) Dimethyl- 

in x Bl nic'vio^ 9- » » L ^ lmln ^ 20 Ml (0 . 517 . 

aminopyridin. 151 Ml «*•«"■ ' RM ktlon.ga«i«eh wird 

■U ei./Kairiu-Morid jh-«U. • *■» H-* 

Au£«xb.icung -ltd <U. R «* kti *"* 9 „ e ^ dl . w4Srig. 

Ph.- vi.r-1 «it 8thyi.ct.t .*tr.hi.rt. 
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organiachan Phaaan werden mic gaaattigter Natriumchlorid-Lc-sung 
gevaachen, ub«r Natriumaulfac getrocJcnet und vom LAaunganuctel 
befreic. Die Reinigung dea Rohprodukcea erfolgc mic Hilfe der 
praparaciven Schichtchromacographie (Laufmittel : 
Dichlormethan/Acetcn, 90 : 10). Ausbeute: 5 mg (18 %) 



0.67 



Rf (Dic hlormethan/Aceton. 90 : 10) : 

TO LmnLi ny - 3497 <w, b, Sch), 2940 (a, b, Sch) . 1725 

Tff (v.). 1468 (m, b. Sch), 1379 (m) . 1265 

(a), 1253 (a). 117S (va) , 972 (m, b. 



Sch) , 737 (a) cm" 1 



tsa. 



„n/T Q .V), m/e (%) - •« Cf Wl I . 567 (43), 472 (63), 382 
f7TTr ' q * (23), 352 (21), 164 (100), 1S1 (33) , 96 

(31), 69 (17), 44 (26). 



HafiftMimi ^C„H 40 O 9 HSCX bar.. ">•»" "* °" 

gaf.: 613.2131 



Baiapial 4t 
Varbindung Id 



10 - (0 020 -.1) Epochilon B wrd.n in 0.S «1 Tetr.hydrofur.n 

!! . * «1 IS S.l«.*ur. v.r..txt und 30 Minut.n b.1 
g.ld.t. «ic 0.5 «Xl* wlrd nit t „ phospnacpuffer 

R.u«e.mp«r.eur g.ruhrt. An.cftli.n«» ethvl.eae.c ex- 

„k 7 v«ri.tie und di. «**rig« PhM. vi-«.l ait Ethyl.e.e.c . 

t!IIL« uld ~ L*«»9«itfX bafr.ic. Of Mini*™* Roh- 
produktM .rfolgt «it Hllf. d«r pr*p*r« 
phi. (fufitt.X, Dtchlo«.th.n/Ac.ton. 85 . 15). 
Auabeuce: 1 tag (9 %) 
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Rj (Dic hlormethan/Aceton, 8S ; 15) : 0.38 

^ «VV, m/e (%) - SO (3 Wl ) . 507 (14), 320 (19). 234 

(9K 194 {17)# 182 {23)f 164 (100), 140 

(22) , 113 (14) , 71 (13) . 

C 27 H 42 Q 6 NSC1 b«.: 543.2421 fir t*C1 

gef.: 543.2405 



Vsrbindung 2a 

100 *g (0.203 -oil Epothilon A wrd.n in 4 -1 Tetr.hydrofur.n/1 
M PhoIph.tpuff.r »7IU 1) 9«Wt und .ol.ng. «it ».criu»bor- 

S£££££*- voII.Undi, ^r,,,« 
wlrd mic l M Pho.ph«puff.r pH 7 vrdtant und di. w*erxg. Ph... 
"SLl -it EehyUe.CC .xtr.hi.rt. Di. vr.inigt.n org«i.ch.n 
ZZ ~rd.n -.it g...ttigt.r K.triu»chlorid.L*.ung f~-»-^ 
Ob.r N.tri«~«W« g.trockn.t und vom i^.ungwitt.l tofnlt. O*. 

(Laufmictal: Dichlorwathan/Acaton. 95 . 5 g«» 
methan/Aceton, 85 : 15) . 

R, (Plchlox^than/Acaton, 75 « 35) » 0.27 

^ 1113 (9 b, Sch). 29«5 (v», Sch). 1734 

ia - t£ilaLt ° y " (v., 145. («.b. SCH). 13.3 

1«4 (.. b. Sch). UM C. b. Sch). 1059 
Sch). 9«« (•). "» «*>• " 7 ,B ° ™ 
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gg 00/70 «V) j m/e (V) - 49S (6 (M<1) . 477 (8), 4S2 (12), 394 

(9), 364 (16), 306 (49), 194 (19). 178 
(35), 164 (100). 140 (40), 83 (21), 55 
(27) . 

^uglfliuiHi C 26 H4iO«KS b«r.: 495.2655 fur [M*1 

g«f.: 495.2623 



Baiapial 6s 

Varbindung 3a-d (a-d aind Staraoiaoaara) 

100 mg (0.203 wool) Epothilon wardan in 3 ml Pyridin geldat, mit 
50 nl (0.686 mmol) Thionylchlorid varaatxt und 15 Minucen bai 
Raumtamparatur garthrt. AnachliaSand wlrd mit 1 H Phoaphatpuf far 
P H 7 ventczc und dia waflriga Phaaa viarmal mit Ethylacatat ax- 
trahiart. Dia varainigtan organiachan Phaaan wardan mic gaaat- 
tigtar Natriumchlorid-Loaung gavaachan, ubar Natriumaulfat ga- 
erocknat und vom Loaungamittal bafrait. Dla Rainigung dea Roh- 
produktaa und Trannung dar viar Staraoiaomaran 3a-d arfolgt mit 
Hilfa dar priparativan Schichtchromatographia (Laufmittal: 
Toluol/Mathanol, 90 : 10) . 



Varbindung 3a 



• n If *\ . - • • /. o^k\ 1338 La 



; ^ ; i46S (a. Sen) , 138f <m, Sch) , 1238 (a. 



Sch). 1210 <v«. Seh). 10X1 (». Sch). 957 
(., b. Sch). 800 («. Sch). 7«8 (t. Sch) 
— -1 
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AY f^H^ll, lambda^ (lg epsilon) - 210 (4 .50), 248 (4.35) 



nm. 



nl ,T " , 21 ), 222 (30). 178 (30), 164 (100). 1S1 

(43), 96 (38), 69 (29), S5 (28), 43 (20). 

^-niw— . CdhiWI ber.: 539.2011 Mr [M*] 
V«rbindung 3b 

ftu fl >^uf : 14 mg (13 %) 

R f (Toluol/Mathanol, 90 ; 10) - °- 44 

ir (PilmLL ny - 2963 (s, br, Sch) , 1740 (v.). 1703 (a). 

Tff (FUtn1 , Y 1S io <w), 1464 (», br. Sch), 1389 <«. 

Sch), 1240 (a, br. Sch), 1142 <m>, 107« 
(w), 1037 (w), 1003 (m), 945 (a, br, 
Sch), 806 («, Sch), 775 (a), 737 (m> C»- 
1. 

ia _j, Sa£hMaa ^l«**^ .«■ -P."on) - "I (4.16). 250 (4.0.) 
nm. 

(32). 164 (100). 151 (33). 125 (18). 113 
<15). 98 (39). 81 (J3). «* • 57 1421 ' 
41. (19).. . 
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Varblndusg 3o 

Rg (Toluol/Methanol, 90 : 10) ' °- 38 

„ e ^ ,V1 S (%) - 539 (51 lim. 322 (22). 306 (S3) . 222 

W m( * ( 36 » , 178 (31). 164 (100), 151 (41), 96 

(25), 81 (20), 69 (26), 55 (25). 41 (25). 

V«rbindung 3d 
ftj ^utti l mg (X %) 

R g tToluol/M«th-inol, 90 : 10) ' °; 33 

" 2!ro ~^ W ^™^ M A , CQ r M *n 322 (35), 306 (51) . 222 

<*^^ '".-.r." ..... »..»... .» •«•• - 

mi. «. on, « '»>• » '»»'• " '"' 



bU «« w,4-«««i nit 0.S «1 DlMthyltuXCid v«r- 

,.t,e und ^«"- t -- p -" tU *'n!r b .^t und .chlLBlich durch 



PCTEP94/0S0S0 
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prapar.Civ S chichtchro«n.tographie (Laufmitc.l Dichlor- 
Lnan/Ac.C n/M«han 1. as = XO = 5) gereinlgt. 



&, n ^ure: S mg (64 %) 

Rg (Dichlormathan/Aceton/M ethanoX, 85 « 10 i S) 
Tff L£ilffiU ny 



0.61 



. 3468 (S, br. Sch), 2947 O. br, Sch) . 

1734 (vs. Sch), 1458 <*>, 1380 (w> . 1267 
(w), 1157 (w), 1080 (w>, 382 (w) cm' . 

, w-i- Jla eoiilon) - 202 (3.53) nm. 
TTY |f1ff >i«n Q lh lambda^ (1 9 epmom 

/ t*\ - 398 (2 (M*1). 380 (4). 267 (14). 249 
■ ""' 7 ° BY U <%> 211 «•>. 1" ««• 171 »«' 

(34). I" <*<». »« <1°°>' 71 1481 ' 4 * 
(SO) • 



ffnr>1 , H f1A«ina» C J1H34O7 b,r • ^ 



3 98.2305 far IM*1 
398.229S 



B«i«pial 
v«xbia4uB0 «• 

. . 1,0 (0.011 ««oll'' l$0 M 




- ^^^^ 

^ "Sir: — - — 
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Nacht b«i Rauracemperatur geruhrc. Zur Aufarbeitung wird das L6- 
sungsmittel itn VaJcuum encfernc. 

fl^^cftj 4 mg (22 %> 

R t (Dichl ormethan/Aceton, 85 ; 15) : 0 .46 

T p fpiim); ny - 3445 (w, br, Sch), 2950 <vs, br, Sch), 
*^ i7i7 Sch)< 1644 (wK 1466 (m SchK 

1370 (m, SCh), 1267 (a, br, Sch), 1179 
(a, Sch), 984 <s, Sch), 860 <v) , 733 (m) 
. cm' 1 

Tjy fM^rharrol) : lambda^ (lg epailon) - 210 (4.16) nm. 

^ [2 &m Stt i <*> - 475 128 tM * n ' 380 l2l) ' 322 (37) ' 318 

(40), 304 (66), 178 (31), 166 (100), 151 

(29), 140 (19). 96 (38). 81 (20), S7 
(26). 

Hn^^n^na: C 26 H 37 0 5 »S ber. : 475.2392 Mr [M*1 

get. 475.2384 



Bftiapial 9 i 

V«rbindung 6b 

50 mg (0.091 rmol) 3,7 : Di-0-*ormyl-epothilon A (warden in 1 ml 
DichloMthan g«l*8t. mit 2 ml (0.013 mol) c ^ mn 
l,8.0i M 8blcycXot3.4.0)und*c7.«i (0B0) vrwtxt und 12 Stunden 

bai 90 9 C garGhrt. J ... 

Zur Aur.rb.itun, wird d.. R..*tion.g.«i.eh mit 1 M H.triuadihy- 
drog« P ho.ph.t-Pu«.r pH 4.5 m„t« und di. w«rig. Ph... 
vHr-i .it Ethyl.ct.t .xcr.hi.rt. Di. v.r.inigt.n org.»i.eh.« 
P ha..n v.rd.o .ie g.rfttigt.r N.criu~hlorid-U.ung 
ub.r N.triu««lf.t g.creekn.t und vo« Lfl.ung..itt.l b.tr.it. 
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Die Reinigung des aus zvei Verbindungen bestehenden RohproduJcces 
erfolgt mitt Is praparativer Schichtchromatographie (Laufmitcel: 
Dichlormethan/Acecon, 90 : 10) . 

a v «hgute; 7 mq (15 %) 

Substanzcoda 

Rf (Dich lormathan/Aceton, 90 ■ 10) 1 °*" 

ny . 2951 («. br. Sch), 1723 (v.). 1644 (w, 
TR 1™**^ bTf sch) , 14 68 <w), 1377 (w) , 1271 <m, 

br, Sch). 1179 (s), 987 <m, br, Sch) , 735 
<w, br, Sch) cm* 1 . 

M ^H.nol): lambda^ (lg epsilon) - 210 (4.44) nm. 

^^^^^^ m/ . (%) - 503 (68 CM*]). 408 (58), 390 (32) 334 
(?nrTq (25 ), 316 (34), 220 (21). 206 (27), 194 

(20), 181 (33), 164 (100), 151 (34), 139 
(28), 113 (20), 96 (82), 81 (33), 67 
(24), SS (26), 43 (22). 



B«iapi«l 10 i 
Varbindu&tf 
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auabguea: 3 mg (67 t) 

R f (Dichlormethan/Acecon, 90 : 10) : 0.55 

TP (Film) : ny - 2934 (s, b, Sch) , 1719 (vs, b. Sch) , 1641 

(m), 1460 (n. Sch), 1372 (s, Sch), 1237 
(vs, b, Sch), 1179 (s, Sch), 1020 (s) , 
963 (s, Sch). 737 (vs) cm" x . 

CJV (Methanol) : lambda^, (lg epeilon) - 210 (4.33) nm. 

MS (20/70 aVl : m/e {%) - 517 (57 [M+]) , 422 (58), 318 (31), 194 

(20), 181 (34), 166 (100), 151 (31), 96 
(96), 81 (32), 69 (27), 55 (29), 43 (69). 

Hoghaii floating* C 2 8H 3 90$NS bar.: 517.2.498 Cur IH+) 

get.: 517 2492 



Baispial lis 
Verbiaduag 7a 

20 mg (0.041 mmol) Epothilon warden in 0.5 ml Methanol geloat, 
mit 0.5 ml 1 N Natronlauge veraetzt und 5 Minuten bei Raumtempe- 
ratur geruhrt. 

Zur Aufarbeitung wird das Reaktionsgeraiach mit 1 M Phosphac- 
puffar pH 7 veraetzt und dia waftrige Phase viermal mit Ethyl - 
acetat axtrahiert. Die vareinigten organischan Phasen warden mit 
gesattigter Natriumchlorid-Ldeung gewaechen, Ober Natriumaulfat 
getrocknee und voa Loaungsmittel befrelt. Ola Reinigung dee Roh- 
produktee erfolgt mit Hilfe der praparativen Schichtchromato- 
graphia (Laufaittel: Olchlormethan/Methanol. 85 : 15). 
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Rf (Di chlormethan/MathanoX, 8S : 15) : 0.92 

T p <g>ii m ) ; ny - 3438 (s, br, Sch) , 2971 (vs, br, Sch) , 

17 03 (vi), 1S07 (m), 1460 (a, Sch), 1383 
(m, Sch). 1254 (w), 1190 (w, br, Sch), 
1011 (w, br, Sch), 866 <v, br), 729 (s) 
cm-* 

uc „n/«,n eV > : m/e (%) - 423 (0.1 CM*] ) , 323 (4), 168 189), 140 

(100) . 85 (31) , 57 (67) . 
Hc^Uli&aUDflJ C 23 H 3 704NS ber.:. 423.2443 fttr (M*1 

gef.: 423.2410 



Varbindung 7b 

S mg (0.009 «-ol) 7-0-Ac.tyl-«pothilon wardan in 1 ml Methanol 
aaloac mit 200 Ml ammoniak.liachen MethanollOaung (2 mmol 

m'Z «ach«ol> varaatxt und ,«.i Tag. bai SO -C g.r*hrc ; Zur 
A u«.rb.itun, vlrd da. Wau»g«dtt.l i» V.kuum entf.mc Di. R.i- 
nigung da. Rohprodu*«. arfolgc mit Hilf. d.r praparativan 
scn^ntchro-acographi. (L.uf.itt.1: Toluol/Math«ol. 30 . 10) . 

aaalMMMj 3 »g (s« %) 

r, (Pichlor— than/Hathanol. >0 « 10) ' «•« 

ffllia> ' " (v „. x«00 (w). 1«S1 <»). 1375 W. ««« 

(a, b. Sch). 1013 (m. b. Sch) cm 

nm. 
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Mg f20/70 «V) ; m/e (%) - 567 (1 [M*] ) , 46S (4), 422 (7), 388 

(5) , 194 (5) , 182 (7) , 163 (65) , 164 
(17), 140 (100), 97 (10), 71 (22), 43 
(27) . 

^hjuflflaunoi C*>oH*gQoNS ber. t 567.2866 Mr (M*J 

get.: 567.2849 



Beiflpisl 13 t 

SO mg Epothilon A warden in 20 nl Dime thy lsulfoxid angeloat und 
rait 30 ml Phoephatpuf f er (pH 7,1, 30 mM) verdunnt. Nach Zugabe 
von 5 mg Schweinelebere»tera«e (Fa. Boehringer Mannheim) wird 2 
Tage bai 30 *C geruhrt. Man aauert mit 2 N HC1 auf pH 5 an und 
extrahiarc dia Epothilon«aure 7 rait Ethylacetat. Oia organische 
Phase wird rait Natriumaulfat getrocknet. ira Vakuura lur Trockne 
eingedarapft. Auabauta 48 mg (96 %> . 



Beiipiel 14 t 

48 mg Epothilonaaure 7 warden in 6 ml THP aba. geloat und untar 
ROhrtn rait 40 nl Triathylaain und 16 fil 2,4,6-Trichlorbenxoyl- 
chlorid verse tit. Nach IS rain wird vora Niederachlag abfiltriart 
und innerhalb von 15 rain untar •chnellera Ruhren in aina aicdanda 
Losung von. 20 rag 4-Oiraathylarainopyridin in 200 ml Toluol aba. 
getropft- Naeh voltaren 10 rain wird ira Vakuura eingedarapft und 
dar Ruckatand svlachan Bthylacttat/Citratpuf far (pH 4) verteilt. 
Dor I i*Ua*rrOclcatand dar organiachan Phaae argibt nach pripara- 
tivor HFLC Trannung 15 rag Epothilon A. 
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B«i*pi«l 15: 

Epothilone C und 0 ala Auagangavarbindungan 

A. Produktioneatamm und Kulturbadingungan antiprachand dam Epo- 
thilon Baaiapatant. 

B. Produktion mit DSM 6773 

75 1 Kultur warden wie im Baeiapatent beachriaben angezogen und 
zum Animpfen einee Produktionatermentere mic 700 1 
Produktionsmedium aus 0.8 % Starke, 0.2 % Glukoae, 0.2V 
Soyamahl, 0.2 % Hafeextrakt, 0.1 % CaClj x 2H 2 0, 0.1 % MgS0 4 x 
7H 2 0, 8 mg/1 Fe-EDTA. pH - 7.4 und optional 15 1 Adaorberharz 
Amberlite XAD-14* verwendet. Dia Fermantation dauart 7 • 10 Tage 
bei 30 C, Beluftung mit 2m 3 Uft/h. Ourch Raguliarung dtr 
Drehtahl wird dar p0 2 bei 30 % gahaltan. 

C. Xeolieruag 

Das Adaorberharx wird mit ainam 0.7 m 2 , 100 ma ah Proxelif ilter 
von dar Kultur abgatrannt und durch Waachen mit 3 Battvolumen 
waaaar/Mathanol 2:1 von polaran Begleitatof fen befreit. Durch 
Elution mit 4 Battvoluman Methanol wird ain Rohextrakt gewonnen. 
dar i. Vak. bia xum Auftreten dar Waeeerphaea eingedampft wird. 
Dieee wird draimal mit dam glaichan Volumen Ethylacatat 
extrahiert. Eindampfen dar organi.chen Phaae ergibt 240 g 
Rohextrakt. der rwischen Methanol und Heptan verteilt wird. um 
lipophile Begleitatoffe abxutrannen. Aue der Methanolphaae 
werden durch Eindampfen i. Vak. ISO g Raffinat gewonn.n dai i in 
drei Portionen Ober S.phade* LX-20 (S.ule 20 x 100 cm. 20 mi/min 
Methanol) fraktioniert wird. Die Epothilone aind in der mit 240 
. 300 mln Retentionaieit eluierten Pr.ktion von in.ge.amt g 
anthalten. Zur Tr.nnung der Epothilone wird in drei Portions an 
Lichroaorb RP1. CIS u.. Saul. 10 x 40 cm. Uuflttel 180 ml/min 



WO 97/1 90M 



- 23 



PCT/TP9*OS080 



Methanol/Waeaer 65:35) chromatographies. Nach Epothilon A und B 
warden mit R t - 90-95 min Epothilon C und 100 -no min Epothilon 
D eluiert und nach Eindampfen i. Vak. in einer Ausbeute von 
jeweila 0.3 g als farblose die gewonnen. 

D. Phyaikaliaefce Eigenaehaf ten 



R 




Epothilon C R - H 
Epothilon D R • CH3 

Epothilon C 

C26H39NO5S (477) 

ESI-MS: (poaitiv lonan): 478.5 far (M*H] * 
1H und 13C aiehe NMR-Tabelle 
DC:Rf • 0,02 

DC-Alu£olio 60 f 254 Merck, Laufmittel: Dichlorroethan/Methanol - 

9:1 

Detektioni OV-LOachung bei 254 nm. Anapruhan mic Vani llin- Schwa - 
felaAure-Reagena, blau-graua Anfarbung bairn Erhitzan 
aux 120 *C. 

HPLC:R C • 11.5 «in 

Siula: Nucleoail 100 C-18 7 M », 125 x 4 mm 
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Laufmittel: Methanol /Wasser - 65:35 
FluS: lml/min 
Detection: Diodenarray 

Epothiloa D 

C27H41NO5S [491] 

ESI-MS: (poeitiv Ionen) : 492,5 fur (M*H)* 
1H und 13C siehe NMR-Tabelle 
DC:Rf • 0,82 

DC-Alufolie 60 F 254 Merck, Laufmittel: Dichlorme than /Methanol - 

9:1 

Detektion: UV-Loechung bei 254. nm. Anepruhen mit Vanillin-Schve- 
feleaure-Reagenz, blau-graue Anfarbung bairn Erhitren 
au£ 120 *C. 

HPLC:R t - 15.3 min 

Slule: Nucleoeil 100 C-1S 7/«a, 125 x 4 ram 
Laufmittel: Methanol /Waaaar - 65:35 
FluS: lml/min 
Detection: Diodenarray 
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Tab«ll«: l K-und "C-NMR Dac«n von Epochilon C und Fpochilon o in 
IDJDMSO bai 300 MHI 





Epochilon C 






Epochilon d 




H-Acom 5 


c- 


Atom 


ft 


6 


C- Acorn 


ft 




(ppm) 






(pp») 


(ppm) 




(ppm) 








1 


170. 3 




l 


170 . 1 


2- Ha 


2.39 




2 


36.4 


2 .35 


2 


39.0 


2-Hb 


2. SO 




3 


71.2 


2.36 


3 


70.8 


3-H 


3.97 




4 


53.1 


4 . 10 


4 


S3 .2 


3 - OH 


5.12 




S 


217.1 


5 . 06 


5 


217,4 


6-H 


3.07 




6 


45.4 


3 . 11 


6 


44.4 


7-K 


3.49 




7 


73.9 


3 . 46 


7 


7 V 5 


7 -OH 


4.4C 




• 


35.4 


4.46 


a 


36.3 


8-H 


1.34 




9 


27.6 


1.29 


9 


29.9 


9-Ha 


1.13 




10 


30.0 


1 . 14 


^ A 


25.9 


9-Hb 


1.40 




11 


27.6 


i i a 

4 . J 9 




31.6* 


10 -Ha 


1.15* 




12 


124.6 


1.14* 


ii 


136.3 


10-Hb 


X.3i* 




13 


133.1 


1.35* 


^3 


120.3 


ii-Ka 


1.90 




14 


31.1 


1 .75 


14 


31.6* 


ii-Hb 


2.10 




IS 


76.3 


2 .10 


15 


74 . 4 


ia-K 


5.30«» 




16 


137.3 




16 


137.2 


13-H 


S.44»« 




17 


119.1 


5.06 


17 


119 . 2 


14-Ha 


2.3$ 




11 ' 


153.1 


2.30 


10 


152.1 


14-Kb 


2.70 




19 


117.7 


2.6S 


19 


117.7 


15-K 


5.37 




20 


164.3 


5.29 


20 


164.3 


17-H 


6.50 




21 


10. • 


6.51 


21 


i a o 

LB . » 


19-H 


7.3S 




23 


20.0 


7.35 


22 


19.7 


31-Ki 


3.6S 




33 


22.6 


3.6S 


33 


22. S 


22-H, 


0.94 




34 


16.7 


0.90 


34 


16.4 


23 -H, 


1.31 




25 


10.4 


1.19 


25 


16.4 


24*H, 


1.06 




37 


14.3 


1.07 


26 


22.9 


23-K* 


0.90 








0.91 


37 


14.1 


36- K, 

37- H, 


2.10 








1.63 
3.11 






•• 


Zuordnung v 


trca 


luachb* 


it 









WO 97/1 9096 



- 26 - 



PCT/IP94/W0M 



Beiapial IS i 

Epotailon A uad 12, 13 -Biiapi-apothilon A aua ffpothiloa C 

50 mg Epothilon A werden in 1.5 ml Aceton geldst und mit 1.5 ml 
einer 0.07 molaren Lo sung von Dimechyldioxiran in Aceton ver- 
setzc. Nach 6 Stundan Stehen bei Raumtemperacur wird i. Vak. 
eingedampft und durch praparativa HPLC an Kieaelgel (Laufmittel : 
Methyl- cart. butylather/Patrolether/Methanol 33:66:1) getrennt. 



Auabauta : 

25 mg Epothilon A, R t - 3.5 min (analyt. HPLC, 7 „m. Saula 4 x 
250 mm, Laufmittal a. o.. Flufl 1.5 ral/min) 

und 

20 mg 12.13-Bt.api-pothilon A, R t - 3.7 min. ESt-MS (poa. 
Ionan) 

m/z - 494 [M*K) 

iH-NMR in (0 4 J Methanol, auaga- 
vahlte Signala: dalta - 4.32 
U-H). 3.79 (7-H). 3.06 (12-H) , 
3.16 U3-H), 5.54 (15-H) , 6.69 
(17-H). 1.20 (22-H). 1.45 (23-H) . 




l2,13-Bi««pi-«pothilon A 



R - K 
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Pattatanapruche 



1. Epothilonderivat der Formal 1 



R 




1 



wobei R - H. Ci-4-Alkyl; R 1 , R 2 - H, C x . 6 -Alkyl, C x .«-Aeyl. 
Bonxoyl, Ci. 4 -Trielkyleilyl. Bensyl. Phenyl. Cx^-Alfcoxy-. C$- 
Allcyl-, Hydroxy- und helogeneubetituiertee Benxyi bxw. Phenyl; 
und ee eich bei dan in den Reecen enthaltenen Alkyl- bxw. Acyl- 
gruppen urn gradxattige odar verxveigce Reete handelt. und Y und 
2 entweder gleich odar verachieden aind und jeweile far 
Waeeeretoff, Helogen. Peeudohalogen, OH, 0- iC^*) -Aeyl. 0-lCi- 
6 ) -Alkyl odor 0-Benxoyl atahan odar geaeineaa daa O-Atom einea 
Epoxide odor eine dar C-C-Bindungen ainar c-C-Doppalbindung 
bilden, wobei Bpothilon A und B auagonooan aind. 



2 . Epothilonderivat der Fomel 2 
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B.n«oyl. C l-»- TrUl f^^.ntui«,.. B.n«yl bzw. Phenyl; 
Micyl-. Hydroxy ""J^ltS^ AlXyl- b,«. Acyl- 

2 dit B«d«utung«n g««i* An«prw» 



3. 



EpothiXond«riv*t 



d«r Portal 3 



3 
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wobei R • H, C^-Alkyl; R 1 , R 2 - H, Ci^-Alkyi, C^g-Acyl, 
Benzoyl, C1.4 -Trialkylsilyl, Benzyl, Phenyl, C^-Alkoxy- , C$- 
Alkyl-, Hydroxy- und halogenaubatituiercee Benzyl bzw. Phenyl; 
es sich bei den in den Reaten enthalcenen Alkyl- bzw. Acyl- 
gruppen urn gradkettige oder verzveigte Reate handelt, und X all- 
gemein fur -C(O)-, -C<S)-, -S<0)-, -CR X R 2 - und -SiR 2 - scene, wo- 
bei R, R 1 und R 2 die Bedeutung haben wie oben angegeben und R 1 
und R 2 auch zuaammen eine Alkylengruppe mit 2 bia * Kohlenatoff- 
atomen bilden konnen; und Y und Z die Bedeutungen getnAtt Anspruch 
1 beaitzen. 

4. Epochilondarivat der Formal 4 

R 



0 OR* 0 

4 

wob.i R - H, Cx-4-AlXyl.- « X . r4 « R5 ' H ' Cl-*-* 11 ^ 1 ' 

Ci.j-Acyl. B.n.oyl. Cx-4-Tri.lkyl.ilyl. B.n»yl. Ph.nyl. c x . 6 - 
Mkoxy-. c« -Alkyl-. Hydroxy- und h.log.nwb.tieui.rt«. B.nxyl 
bzw. Ph.nyl; •• .ich b.i d.n in d.n R..e«n .nch.lc.n.n Alkyi- 
bxw. Acylgruwn urn gr.dk.tcig. od.r v«r.~igf R..t. hmnd.lt. 
S.u«r.coff. W» 5 . »-NR 4 R». und h-NHCOHR*r' t*d.uft. wob.i di. 
R..c. R 3 bl« R 5 di. ob«n *ng.g.b.n. B«d.ucung h»b.n und R und 
R S .uch miMi .in. Alkyl.ngrupp. mit 2 bi. « Kohlen.totf- 
aeoa.n blldan konn.n; und 

t und 2 di. B.d.ueung.n g.ai* Anapruch X b..itx.n. 
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5. Epothilonderivac der Formel S 




wob.i R - H, d^-JUkyli R l , R 2 - H. Cx.fi-Mky!. d-s-Aeyl. 
Benzoyl. C l . 4 -Tri*lkyl«iXyl. Benzyl. Phenyl. C x . s -Alkoxy-. C«- 
Alkyl-. Hydroxy- und helogensub.tituiercee Benzyl bzw. Phenyl; 
es sich bei den in den Reecen enchaltenen Allcyl- bzw. Aeyl- 
gruppen u» gr.dk.ttige oder verz-eigte R..« hend.lt. und X 
L.er.coff. Cws-Alkyl. Cw.-Acyl. Beneyl. Benzoyl und Clan.- 
moyl bedeutee und 

y vn<1 z die Bedeutungen gemaft Anspruch 1 beaiczen. 
6. Epochilonderivac der formel « 




6 



WO 
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wobei R - H, C x . 4 -Al)cyl und R l - H. C^-Alleyl. C^s-Acyl. 
Benzoyl. Ci^-Trialxylailyl, Benzyl. Phenyl. c^s-Alkoxy- , c s - 
Alkyl-. Hydroxy- und halogenaubatituiertea Benzyl bzw. Phenyl 
iat- es sich bei den in den Reseen enthaltenen Allcyl- bzw. 
Acylgruppen urn gradkettige Oder verzveigte Resce hand.lt; und 
Y und Z die Bedeutungen gemitt Anapruch 1 beaitzen. 

7. Epothilonderivet der Formel 1 




w.i o h c, ,-Alxyl und R 1 . R 2 . R 5 . R* - «• d-fi-Alxyl. Ci-« 
ty eln ^y C^i.^X.llyX. aanayl. a***. Cx- S -AlKoxy. 
^Ky!- hydroxy- und halogen.ub.tltui.rta. Banayl b«. 
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EPOTH3LONE DERIVATIVES, PREPARATION AND USE 

The present invention concerns general epothilone derivatives and their use for the produc- 
tion of drugs. Especially, the present invention is concerned with the preparation of 
epothilone derivatives according to the general Formulas 1 to 7 given below, as well as with 
their use for the production of therapeutic agents and agents for plant protection. 
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In the above Formulas 1 to 7, the symbols have the following meanings: 

R = H, C M -alkyl; 

R', R*. R 5 , R*. R 1 = H, C^-alkyl, 

C,vacyl-benzoyl, 

C M -trialkylsilyl, 

benzyl, 

phenyl, 

C^-alkoxy-. 

C 4 -alkyl-, hydroxy and halogen-substituted benzyl or phenyl; 
also, two of the groups R' to R 5 may be combined to form the grouping -(CH,).- with n = 1 
to 6 and the alkyl or acyl groups contained in the groups are either straight-chain or branched 
groups; 

Y and Z are either identical or different and can stand for hydrogen, halogens, such as F. 
CI. Br or I. pseudohalogens, such as -NCO. -NCS or -N„ OH, O^C, J-acyl, OKC.J-alkyl, 
O-benzoyl. Y and Z can also be the O-atom of an epoxide, in which case, epotnilone A and 
B are not claimed, or one of the C-C bonds can form a C=C double bond. 

In Formula 3. X generally stands for -C(0>. -C(SK -S(OK -CR'R'-. where R l and R> have 
the meaning given above and -SiR,-, where R has the meaning given above. 

In Formula 4. X stands for oxygen. NOR'. N-NR*R 5 , and N-NHCONR*R', where the 
groups R 1 to R 5 have the meaning given above. 

In Formula 5. X stands for hydrogen, C,.„-alkyl. CWacyl. benzyl, benzoyl and cinnamoyl. 

With regard to epotnilone A and B. let us refer to DE-A-U 38 042. Compounds according 
I tZlZZ* 1 are accessible starting from epotnilone A and B, as well as from theur 

**— by opening me 12.13«poxide When hydrogen haU^s 
are used for this purpose in a preferred nonaqueous solvent, the halohydnn. X - Hal Y 
OH^ Y = OhT- Hal are obtained. Protonic acids, for example, tolueoesulfontc actd 
Z trifluoroacedc acid, lead to 12.13^iols in the presence of water and then these are 
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acylatcd subsequently according to standard methods (for example, with carboxylic acid 
anhydrides and pyridine or triethylamine/DMAP) or are alkylated (alkyl halides and silver 
oxide). For this purpose, the 3- and 7-hydroxy groups can be protected temporarily as the 
formate (cleaved with NH 3 /MeOH) or p-methoxybenzyl ether (cleaved with DDQ). 

Compounds according to general Formula 2 are obtainable from epothilone A and B as well 
as from their 3-0- and/or 7-0-protected derivatives by reduction, for example, with NaBH* 
in methanol. If the 3-OH and/or 7-OH groups are protected reversibly during this process, 
after acylation or aikylation, and removal of the protecting groups, 5-0-monosubstituted, 3,5- 
or 5,7-O-disubstituted derivatives according to general Formula 2 can be obtained. 

Reactions of epothilone A and B with Afunctional electrophilic reagents, such as (thio)phos- 
gene. (thio)carbonyldimidazole [sic], thionyl chloride or dialkylsilyl dichlorides or bistriflates 
give compounds having general Formula 3. The bases used as aids here can be pyridine, 
trialkylamine, optionally together with DMAP or 2,6-lutidine in an aprotic solvent. The 3,7- 
acetals having general Formula 3 are formed by transacetalization, for example, of dimethyl- 
acetals, in the presence of an acidic catalyst. 

Compounds according to general Formula 4, obtained from epothilone A and B or from 
their 3-0- and/or 7-0-protected derivatives by ozonolysis and reductive processing, for 
example, with dimethyl sulfide. The C-16 ketones can then be converted to the oximes, 
hydrazones or semicarbazones according to standard methods known to the expert in the 
field. Furthermore, they are converted into C-16/C-17 olefins by the WW* Wittig-Homer, 
Julia or Petersen olefination method. 

The 16-hydroxy derivatives according to general Formula 5 are obtainable by reduction £ 
the C-16 keto group, for example, with aluminum hydride or borohydride. When the 3-OH 
and 7-OH groups are protected correspondingly, they can be acyiated or alkylated 
ly The liberation of the 3-OH- and 7-OH groups is done, for example, with NltyMeOH m 
the case of O-formyl and with DDQ in the case of O-p-methoxybenzyl. 
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The compounds having general Formula 6 are obtained from derivatives of epothilone A and 
B in which the 7-OH group is protected by acyl or ether groups, in which the 3-OH group 
is, for example, formylated, mesylated or tosylated and then eliminated by treatment with a 
base, for example, DBU. The 7-OH group can be liberated as described above. 

Compounds having general Formula 7 are obtained from epothilone A and B or from their 
3-OH- and 7-OH-protected derivatives by basic hydrolysis, for example, with NaOH in 
MeOH or MeOH/water. Preferably, the compounds having general Formula 7 are obtained 
from epothilone A or B or from their 3-OH- or 7-OH-protected derivatives by enzymatic 
hydrolysis, preferably with esterases or lipases. The carboxyl group can be converted into 
the ester by alkylation with diazoalkanes after protection of the 19-OH group. 

Furthermore, compounds having. Formula 7 can be converted into the compound having 
Formula 2 by lactonization according to the methods of Yamaguchi (trichlorobenzoyl 
chloride/DMAP), Corey (aldrithiol/triphenylphosphine) or Kellogg (omega-bromic ac- 
id/cesium carbonate). The corresponding methods can be found in Inanaga et al. in Bull. 
Chem. Soc. Japan, 52 (1979) 1989; Corey & Nicolaou in J. Am. Chem. Soc., 96 (1974) 
5614; and Kruizinga <fc Kellogg in J. Am, Chem. Soc., 103 (1981) 5183. 

In order to prepare the compounds according to the invention, one can also start from 
epothilone C or D, and the derealization methods described above can be used for dereali- 
zation here, too. The 12,13-double bond can be hydrogenated selectively, for example, 
catalytically or with diimine; or it can be epoxidized, for example, with dimethyldioxiran or 
a peracid; or it can be converted into the dihalides, dipseudohalides or diazides. 

Furthermore, the invention is concerned with means for plant protection in agriculture, 
forestry and/or gardening, consisting of one or several of the epothilone derivatives described 
above or consisting of one or several of the epothilone derivatives described above in 
addition to one ox several of the usual carriers) and/or diluenKs). 

Finally, the invention is concerned with therapeutic agents, consisting of one or severaJ lof 
^compounds listed above or of one. or several of the compounds listed above in addiuon to 
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one or several of the usual carriers) and/or diluent(s). These agents can exhibit especially 
cytotoxic activities and/or cause immune suppression and/or can be used for combatting 
malignant tumors, but they can especially preferably be used as cytostatic agents. 

The invention is explained further and described by the description of a few selected practical 
examples. 

Examples 

Translator's note: In the infrared spectra in the examples, the general English abbrevi- 
ations are used, s, m, w, vs, b, etc, except for Sch = shoulder and ny = r (nu) 
Also, the abbreviation lg stands for log. 

Example 1: 
Compound la 

20 mg (0.041 mmole) of epothilone A is dissolved in 1 mL of acetone, with 50 \iL (0.649 
ramole) of trifluoroacetic acid is added and the mixture is stirred overnight at 50°C. For 
work-up, the reaction mixture is treated with 1 M pH 7 phosphate buffer and the aqueous 
phase is extracted four times with ethyl acetate. The combined organic phases are washed 
with saturated sodium chloride solution, dried over sodium sulfate and the solvent is 
removed. The purification of the crude product is done with the aid of preparative layer- 
chromatogiaphy (solvent: dichloromethane/acetone, 85:15). 

Yield: 4 mg (19%) isomer I 
4 mg (19%) isomer II 

Isomer I 

(mmU " tv-) , 1686 («) , 1456 M • UW «•» ' 1256 

(.. Sch), 1190 (W. b. Sch). 1071 (», 
Sch). 884 (w). 735 M cm . 

U3 (19). 71 (19). 57 (24). 43 (24). 
10 
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calculated: 493 .2498 for [M-H 2 0] * 
found: 493.2478 

Isomer II 

Be rdichloromethane/acetone. 85:15): 0.22 

IR (Film) ; ny - 3484 (s, b, Sch) , 2942 (vs, Sch) , 1727 

(vs) , 1570 (w) , 1456 (m) , 1380 Cm) , 1265 
(S), 1190 (w), 1069 (m), 975 (w) , cm" 1 . 

M5 f 20/70 eV) : m/e (%) -493 (21 [M-H 2 0] *) , 394 (12), 306 (46), 

206 (37), 181 (63), 166 (99), 139 (100), 
113 (21), 71 (23), 57 (33), 43 (28). 

High resolution : CsAANS calculated: 493.2498 for [M-H 2 Or 

found: 493.2475 

Example 2: 
Compound lb 

Epothilone A, 55 mg (0.111 mmole), is dissolved in 0.5 mL of tetrahydrofuran, 0.S[sic] mL 
of 1 N hydrochloric acid is added and the mixture is stined for 30 minutes at room tempera- 
ture. Then 1 N phosphate buffer of pH 7 is added and the aqueous phase is extracted, four 
times with ethyl acetate. The combined organic phases are washed with saturated sodium 
chloride solution, dried over sodium sulfate and the solvent is removed. The purification of 
the crude product is done with the aid of preparative layer chromatography (solvent: 
dicWoromethane/methanol, 90:10). Yield: 19mg(32%). 
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tr fiMlm); ny - 3441 (s. br, Sch) , 2948 (s. Sch) . 1725 

(vs, Sch), 1462 (m), 1381 (w) , 1265 (ra) . 
1154 (w), 972 (m, br, Sch) cm* 1 . 

my fM»t-hanal) lambda (lg epsilon) - 210 (4.29), 248 (4.11) 

nm. 

MS f 30/70 eV) : ra/« (%) - 529 (13 CM*]). 494 (10). 342 (38), 306 

(23), 194 (32), 164 (100), 140 (31), 113 
(IS), 57 (16). 



Hi»h resolution : C M H4 0 O,ClNS calculated: 529.2265 for [M*], 

found; 529.2280 

Example 3: 
Compound lc 

12-Chloro-13-hydroxy-«pothilone A (lb). 25 mg (0.047 mmole). is dissolved in 1 mL of 
dicbloromethane. and then 29 mg (0.235 mmole) of dimemylanunopyridine. 151 (1.081 
mmole) of triemylamine and 20 mL (0.517 mmole) of 98* formic acid are added. The 
reaction mixture is cooled with ice/sodium chloride. After teaching -15'C, 40 yL (0.423 
mmole) of acetic anhydride is added to the teaction mixture. Mowed by stirring for 70 
minutes at -15*C. Since the thin-layer chromatogram did not show complete conversion, 
another 6 mg (0.047 mmole) of «limemyIaminopyridine. 7 tf. (0.047 mmole) of methyl- 
amine. 2 + of 98* form* acid (0.047 mmole) and 4 mL (0.047 mmole) of acetic anhydnde 
areadoedtothere»cdoiimiauit.foUowedbystuTU^ For work-up. ihe 

reaction mixture is heated to room temperature, 1 M phosphate buffer with pH 7 is added 
and the aqueous phase is extracted four times with ethyl acetate. Tbe combined organic 
%^^Z wim sau*^ sodium chloride solution, dried over srfhmt 
Llvent is removed. The purification of the etude ptoduct is done wtfcthe »* « 
,ayer chromatography (solvent: dichloromemane/acetone. 90:10). Yteld: 5mg(18*). 
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is (Film) t ny - 3497 (w, b, Sch) , 2940 is, b, Sch) , 1725 

(vs). 1468 (m, b, Sch) , 1379 (m) , 1265 
(s), 1253 (3), 1175 (vs) , 972 (m f b, 
Sch) , 737 (s) cm* x 

MS (20/70 eV) t m/e (%) - 613 (9 # [M + ]), 567 (43), 472 (63), 382 

(23), 352 (21), 164 (100), 151 (33), 96 
(31), 69 (17), 44 (26). 



High resolution : C«JL>0«NSC1 calculation: 613.2112 for [NT] 

found: 613.2131 

Example 4: 
Compound Id 

10 mg (0.020 mmole) of epothilone B is dissolved in 0.5 mL of tetrahydrofiiran, then 0.5 
niL of 1 N hydrochloric acid is added and the mixture stirred for 30 minutes at room 
temperature. Then 1 M phosphate buffer at pH 7 is added and the aqueous phase is 
extracted 4 times with ethyl acetate. The combined organic phases are washed with saturated 
sodium chloride solution, dried over sodium sulfate and freed from solvent. The purification 
of the crude product is done with the aid of preparative layer chromatography (solvent: 
dichloromethane/acetone, 85:15). 
Yield: 1 mg (9%) 



(22), 113 <!«>' 71 (13) ' 
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High resolution : C^ANSd calculated: 543.2421 for [NT] 

found: 543.2405 

Example 5: 
Compound 2a 

Epothilone A, 100 mg (0.203 mmole), is dissolved in 4 mL of tetrahydrofuran/1 M phos- 
phate buffer, pH 7 (1:1) and sodium borohydride (150 mg = 3.965 mmole) is added until 
the thin-layer chromatogram shows that the starting material reacted completely. Then the 
mixture is diluted with 1 M phosphate buffer, pH 7 and the aqueous phase is extracted four 
times with ethyl acetate. The combined organic phases are washed with saturated sodium 
chloride solution, dfied over sodium sulfate and the solvent is removed. The purification of 
the crude product is done by silica gel chromatography (solvent: dichloromethane/acetone. 
95:5 - in 5 steps to dichloromethane/acetone, 85:15). 
Yield: (20%) 

Be fnichlorometjian^^^' 75:25 * °- 27 

IE fFllm) ; ny • 3413 (J, b, Sch), 2965 (v», Sch) , 1734 

(v«), 1458 (ra, b, Sch), 1383 (m, Sch), 
1264 («, b, Sch), 1184 (a, b, Sch), 1059 
(«, Sch), 966 (l), 885 (w), 737 (m) cm" 1 

m s^Li m/m <%> - 495 (6 [M*J > . 477 (8), 452 (12), 394 

(9), 364 (16), 306 (49), 194 (19) , 178 
(35), 164 (100), 140 (40), 83 (21) , 55 
(27) . 

niah resolurion: CJL,O^S calculated: 495.2655 for [M*] 

found: 495.2623 



Example 6: 

Compound 3a-d (a-d are stereoisomers) 

Eoothilone, 100 mg (0.203 mmole) is dissolved in 3 mL of pyridine, wuh 50 (0.686 
mmole) of tbionyl chloride added and the mixture is sorted for 15 minutes at room tempera- 
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ture. Then, 1 M phosphate buffer, pH 7, is added and the aqueous phase is extracted four 
times with ethyl acetate. The combined organic phases are washed with saturated sodium 
chloride solution, dried oyer sodium sulfate and the solvent is removed. The purification of 
the crude product and separation of the four stereoisomers 3a-d is done with the aid of 
preparative layer chromatography (solvent: toluene/methanol, 90:10). 



Compound 3a 

Yield : 4 mg (12%) 

p f ( T n| vr n e ymethanoL 90:10): 0.50 

t* CFilmLL ■ ny - 2961 Cm. b, Sch) . 1742 (v.), 1701 <vs> , 
"■ ( » 1WL - Y 1465 lBi sch), 1389 <«. Sch), 1238 is. 

Sch), 1210 (VS, Sch), 1011 (8, Sch), 957 
b, Sch), 808 (m, Sch), 768 (3, Sch) 

cn -l 

T r tM ..H, M H , Itd^, dgep.ilon) - 210 (4.50), 248 (4.35, 
run. 

(«) , 96 (38), 89 <2»>. 55 (28), 43 (20). 

HigtUSSjlalifln: QAANS, calculated: 539.2011 for [M*] 

Compound 3b 
iislfl: 14 mi (13%) 
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Br fHMync /fflethanoi - 9°; 10): 0.44 
IR (Film) ; ny - 2963 (s, br, Sch) , 1740 (vs) , 1703 (a), 

1510 (w), 1464 (ra, br, Sch), 1389 (ra, 
Sch), 1240 (s, br, Sch), 1142 (ra) , 1076 
(w), 1037 (w), 1003 (m), 945 (s, br, 
Sch), 806 (ra, Sch), 775 (s) , 737 (m) era* 
1 

r^y : lwbda.,,,, Ug epsilon) - 211 (4.16), 250 (4.08) 

nm. 

m« no/70 sV): m/e (%) - 539 (27 [M*] ) . 475 (17). 322 (41), 306 

(67), 222 (16), 206 (17). 194 (19) . 178 
(32), 164 (100). 151 (33), 125 (18), 113 
(IS), 96 (39). 81 (23), 64 (58). 57 (42). 
41 (19). 

HigJuS^: WAN* calculattd: 539.2011 for [M*] 

found: 539.1998 

Compound 3c 
Yield : 4mg(4%) 

p, [idusns^mfltan^ *>:ioi: 0 38 " 

.VI t »/. (%) - 539 (51 DTI). 3" (22), 306 (S3) . 222 
™ 9 ( 3 «). 178 (31). 164 (100). 151 (41). 96 

(25), 81 (20). 69 (26), SS (25). 41 (25). 

HiglUS^ (MOM calcula«d: 539.2011 for [M*l 
11¥M 539.2001 
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C m pound 3d 

Yield : 1 mg (1%) 

p f f^.^/tnethanol. 90:101: 0.33 

M<; /2Q/7Q ftV) : m/e (%) - 539 (69 [M + ] ) , 322 (35), 306 (51) , 222 

(41), 178 (31), 164 (100), 151 (46), 96 
(31), 81 (26), 69 (34), 55 (33), 41 (35) 

High resolution : CJiyjO&i calculated: 539.2011 for [M*] 

found: 539.1997 



Example 7: 
Compound 4a 

Epothilone A, 10 mg (0.020 mmole), is dissolved in 2 mL of dichloromethane, cooled to 
-70°C and then treated with ozone for 5 minutes until a weak blue coloration develops. The 
resulting reaction mixture is then treated with 0.5 mL of dimethyl sulfide and heated to room 
temperature. In the work-up, the solvent is removed from the reaction mixture and finally 
the product is purified with preparative layer chromatography (solvent dichloromethane/ace- 
tone/methanol, 85:10:5). 

Yield : 5 mg (64%) 

p r ( pi g hl Q rom^ ^^tone/methanol. 85:1Q;5): 0.61 

T p [inmi . ay - 3468 (., br, Sch) , 2947 (., br, Sch) , 
TR Y 1734 (v., Sch), 1458 M. 1380 (w) , 1267 

(w), 1157 (w), 1080 (w), 982 (w) cm" . 

n utofihMflj] : lambda^ (If ep.tlon) - 202 (3.53) m. 

(34), 111 (40). 9« (100). 71 (48). 43 
(SO) . 
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Hiph resolution : CmHhO, calculated: 398.2305 for [MM 

found: 398.2295 

Example 8: 
Compound 6a 

3 7-Di-O-fonnyl-epothilone A, 10 mg (0.018 mmole). is dissolved in 1 mL of dichlorometh- 
ane, 27 M L (0.180 mmole) of l,8-diazabicyclo[5.4.0]undec-7^ne (DBU) is added and the 
mixture stirred at room temperature for 60 minutes. 

For work-up. the reaction mixture is treated with 1 M sodium dihydrogen phosphate buffer. 
P H 4 5. and the aqueous phase is extracted four times with ethyl acetate. The combined 
organic phases are washed with saturated sodium chloride solution, dried over sodium sulfate 
ana the solvent is removed. After elimination of the solvent, the resulting crude product is 
dissolved in 1 mL of methanol, treated with 200 mL of ammoniacal methanol soluuon (2 
nunole of NHj/mL of methanol) and stirred overnight at room temperature. For work-up. 
the solvent is removed in vacuum. 

XiSljJ: 4mg(22%) 

p, fpirtiommethniWafCtOlK. 8ft lfl: 0.46 

IR (FilmLi ay - 344S (w. br, Sch) , 2950 (v., br. Sch) . 
L£iLB] ^ Y I717 (v.. Sch), 1644 («). I486 («. Sch). 

13 70 (», SCh), 1267 (s, br. Sch) .. 1179 
(., SCh). 984 (S. SCh). 860 (w). 733 («) 
cm' 1 

(29), 140 (19), 96 (38), 81 (20), 57 
(26) . 
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calculated: 475.2392 for [M*] 
found: 475.2384 
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Example 9: 
Compound 6b 

3,7-Di-O-formyl-epothUoae A. 50 rag (0.091 mmole), is dissolved in 1 mL of dichloroeth- 
ane, 2 mL (0.013 mole) of 1.8-dia2abicyclo[5.4.0]undec-7-ene (DBU) is added and the 
mixture stirred for 12 hours at 90»C. 

For work-up. the reaction mixture is treated with 1 M sodium dihydrogen phosphate buffer. 
pH 4 5. and the aqueous phase extracted four times with ethyl acetate. The combined 
organic phases are washed with saturated sodium chloride solution, dried over sodium sulfate 
and the solvent removed. The purification of the crude product, which consists of two com- 
pounds, is done with the aid of preparative layer chromatography (solvent: dichloromethane- 
/acetone, 90:10). 

Yield : 7 mg (15%) 

Substance code 

p, f pj t hlnmm e tbmi^CT'™« 90:10): 0.62 

r. CEilmLi ny - 2951 <»» **> Sch > • 1723 (v-) ' 1644 lW ' 
™ fr """ ' br , sch), 1468 <W>. 1377 (w) , 1271 (m, 

br. Sch). 1179 (s), 987 (m. br. Sch). 735 

(w, br, Sch) on" 1 . 

m ,M.,h,n a i) , l«bd^ dg ep.ilon) - 210 (4.44) n». 

m i20i2fl-gli «/« C%> - 503 (66 (11*1). 408 (58, . 390 (32) . 314 

(25). 316 (34). 220 (21). 206 (27). 194 
(20). 181 (33). 164 (100). 1S1 (34). "9 
(28), 113 (20). 96 (82). 81 (33). «7 
(24). 58 (26), 43 (22). 
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Hiyh resolution C^HjANS 



calculated: 
found: 



503.2342 for [M*] 
503.2303 
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Example 10: 
Compound 6c 

3 J-Di-0-ac<tyl-epotnilone, 5 mg (0.009 mmole), is dissolved in I mL of methanol, 150 M L 
of an ammoniacal methanol solution (2 mmole of NHj/mL of methanol) is added and the 
mixture stirred overnight at 50'C. 

For work-up, the solvent is removed in vacuum and the crude product is purified with the aid 
of preparative layer chromatography (solvent: toluene/methanol. 90:10). 

Yield : 3 mg (67%) 

q f fnichiorom rtharw/y* tone - SQUfil: 0.55 

tp (Film) . ny - 2934 (3. b. Sch) , 1719 (v., b. Sch) . 1641 

(m), 1460 (m, Sch), 1372 (s, Sch), 1237 
(va, b, Sch), 1179 (s, Sch), 1020 (s) , 
9«3 (s, Sch), 737 (vs) on -1 . 

rry jM.rh.nallt lambda^ ag epsilon) - 210 (4.33) nm. 

mc „n/7r, .V): m/. (%) - 517 (57 [M*1 ) » 422 (58). 318 (31), 194 
^ mf ? (20). 181 (34). 166 (100), 151 (31). 96 

(96). 81 (32). 69 (27), S5 (29). 43 <S9) . 
MUS,^ calcuUted: 517.2498 for [M*] 



Example 11: 

IZTJ 20 «. (0 04, b * 0 5 *L »' — * 0-5 mL of 1 N 
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For work-up, the reaction mixture is treated with I M phosphate buffer, pH 7, and the 
aqueous phase is extracted four times with ethyl acetate. The combined organic phases are 
washed with saturated sodium chloride solution, dried over sodium sulfate and the solvent is 
removed. The purification of the crude product is done with the aid of preparative layer 
chromatography. (Solvent: dichloromethane/methanol, 85:15). 

Yield : li mg (52%) 

q r (Dichlorofn T^ ane/methanQl ' SL1S1' 

tr (Film) : ny - 3438 (s, br, Sch) , 2971 <vs, br, Sch) , 

1703 (v»), 1S07 (m) , 1460 (3, Sch), 1383 
(m, Sch), 1254 (w), 1190 (w, br, Sch), 
1011 (w, br, Sch), 866 (w, br), 729 (s) 
on* 1 

Mg (30/70 *V) : m/e (%) - 423 (0.1 [M*l ) , 323 (4), 168 (89), 140 

(100) , 85 (31) , 57 (67) . 

ffiglLK5 ^: CAANS calculated: 423.2443 for [NH 

423.2410 

Example 12: 

rrgT^'Lle) of T^aceryl-epo^one is dissolved in l ^of-^OO^L of 
an almomacal methanol solution (2 mmol C of NH^mL of methanol) * added and** 
nature is stirred for 2 day. « 50'C. For worlc-op. the solvent ts -oved - — The 
puriftcadoa of the crude product is done with the aid of preparauve layer chromatography 
(solvent: totaene/methanol, 90:10). 

Yield : 3 mg (59%) 
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B f fni g h1nrom^fafK /T r gfhanftL 2QlIQl: 0-63 

T g fPilm) : ny - 3441 Cm, b, Sch) , 2946 (a, Sch) , 1732 

(va) , 1600 (w) , 14S1 <m) , 1375 (m) , 1246 
(a, b. Sch), 1013 (m, b, Sch) cm' 1 

try ,M»rh„n Q l) , lambda^ <lg epailon) - 211 (3.75), 247 C3.59) 



nra. 



j. m/6 (%) - S67 (1 W*}). 465 (4). 422 (7), 388 
"* (5), 194 (5), 182 (7), 168 (65), 164 

(17), 140 (100). 97 (10). 71 (22), 43 
(27) . 

ffigh resolution : C„H«ANS calculated: 567.2866 for [M*] 

found: 567.2849 



Example 13: n w , 

Epothilone A. 50 mg. is dissolved in 20 yL of dimethyl sulfoxide and diluted with 30 mL of 
phosphate buffer (pH 7.1. 30 mM). After addition of 5 mg of pig liver esterase (Boehnnger 
Mannheim), the mixture is stirred for 2 days at 30'C. It is acidified with 2 N HC1 to P H 5 
and the epothilonic acid 7 is extracted with ethyl acetate. The organic phase is dned with 
sodium sulfate and evaporated to dryness in vacuum. Yield 48 mg (96*). 

E^Ziricid 7. 4g mg. is disced in 6 mL of absolute THF and 40 yL of triemylamu* 

and 16 yL of 2.4.6-^orobenzoyl chloride are added under stirring After 

precipe is filtered off and. within 15 minute,, under rapid stimng. it is added dropwise to 

boiling sohition of 20 mg of 4^y«aminopyridine in 200 mL of absoh^e toluene 
After uXher 10 mimues. the mixture is evaporated in vacuum and the restdue . paruuoned 
between ethyl acetate/citrate buffer (pH 4). The evaporation residue of the organ* phase 
gives 15 mg of epothilone A after preparative HPLC separation. 
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Example 15: 

Epothilone C and D as starting compounds 

A. Production stock and culture conditions corresponding to the basic epothilone patent 

B. Production with DSM 6773 

A culture. 75 L. is raised as described in the basic patent and was used for inoculating a 
production fcrmenter with 700 L of production medium consisting of 0.8% starch. 0.2% 
glucose. 0.2% soy meal. 0.2% yeast extract. 0.1% CaCl^HA 0.1% MgS0 4 -7HA 8 
mg/L of Fe-EDTA. pH = 7.4 and optionally 15 L of adsorbent resin Amberlite XAD-16. 
The fermentation takes 7-10 days at 30»C. aeration with 2 nr* of air/hour. The pO, is kept 
at 30% by adjusting the rate of rotation. 

C. Isolation ■ . 
The adsorber resin is separated from the culture with a 0,7 m\ 100 mesh process filter and 
the polar accompanying substance is removed from it by washing with 3 bed volumes of 
water/methanol 2:1. Upon elution with 4 bed volumes of methanol, a crude extractis 
obtained, which is evaporated in vacuum until the appearance of the water phase. This is 
extracted three times with the same volume of ethyl acetate. Evaporation of the organic 
phase gives 240 g of crude extract, which is partitioned between methanol and heptane in 
order to remove any lipophilic accompanying subsunces. Thus 180 g of raffinate a 
obtained from the methanol phase by evaporation in vacuum; tins . ftacnon^ nuo*^ 
portion, on Sephadex Ua-20 (volume 20 x 100 cm. 20 ^^T^JTZZZ 
m contained in the fraction eluted with a retention tune of 240-300 minutes, a 
^Tbcing obtained. To separate the epothilone,. the product is chromatographed - three 

i lZ* RP-18 (15 urn. column 10 x 40 cm. solvent 180 mUminute metha- 
pomons on Lichrosort) kt-io t« minutes 
Lwater 65:35). After epothilone A and B. epothilone C „ elu^h »* — 
and epothilone D with 100-1 10 minutes and after evaporation u> vacuum, they are obtameo 
as colorless oils, each in an amount of 0.3 g. 
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EpothiloneC 

ESI-MS: (positive ions): 478.5 for [M+H]* 
l H and l3 C sec NMR table 
TLC: Rf - 0.82 

TLC-aluminum foU 60 F 254 Merck, solvent: dichioromethane/meihanol * 9:1 

Detection: UV extinguishing at 254 nm. Spraying with vanillin-sulfuric acid reagent, 
blue-gray coloration upon heating to 120°C. 

HPLC: R<: 11.5 min 

Column: Nucleosil 100 C-18 7^ 125 x 4 mm 
Solvent: methanol/water - 65:35 
Flow rate: 1 mL/min 
Detection: diode array 
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Epothilone D 

C 2? H 41 N0 5 S [491] 

ESI-MS: (positive ions):- 492.5 for [M+HT 
l H and l3 C, see NMR table 
TLC: R, = 0.82 

TLC-aluminum foU 60 F 254 Merck, solvent: dichloromethane/methanol = 9:1 

Detection: UV extinguishing at 254 nm. Spraying with vanillin-sulfuric acid reagent, 
blue-gray coloration upon heating to 120°C. 

HPLC: R< 15.3 min 

Column: Nucleosil 100 C-18 7^, 125 x 4 mm 
Solvent: methanol/water =» 65:35 
Flow rate: 1 mUmm 
Detection: diode array 
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Table: l H and l3 C-NMR data of epothilonc C and epothilonc D in [D 6 DMSO at 300 MHz 



Epothilone C 



Epothilonc D 



H-Atom 



5 

(ppm) 



C-Atom 



ft 

(ppm) 



6 

(ppm) 



C-Atom 



(ppm) 



2 -Ha 

2- Hb 

3- K 

3 -OH 

6- H 

7- H 
7-OH 
9-H 
S-Ha 

9- Hb 

10- Ha 

10- Hb 

11- Ha 

11- Hb 

12 - K 

13- H 

14- Ha 

14- Hb 

15- H 
17-H 
19-H 

21- K, 

22- H, 

23- H, 

24- H, 

25- K, 

26- K, 

27- H, 



2.38 
2.50 
3.37 
5.12 
3.07 
3.49 
4.44 
1.34 
1.15 
1.40 

1.15* 

1.35* 

1.90 

2. It 

5. 38" 

5. 44" 

2.25 

2.70 

5.27 

6.50 

7.35 

2.65 

0.94 

1.21 

1.0$ 
0.90 

2.10 



1 






1 


2 


38.4 


2.35 


2 


3 


71.2 


2.38 


3 


4 


S3.1 


4.10 


4 


5 


217.1 


5 .08 


5 


6 


45.4 


3.11 


6 


7 


75.9 


3 .48 


•7 

/ 


a 


35.4 


4.46 


a 


9 


27.6 


1 .29 


A 
9 


10 


30.0 


1 . 14 




11 


27.6 


1.38 




12 


124.6 


1 . 1*^ 


12 


13 


133 .1 




13 


14 


31.1 




14 


IS 


76.3 


2.10 


15 


16 


137.3 




16 


17 


119.1 


5.05 


17 


18 


153.1 


2 .30 


* • 


19 


117.7 


2.65 


19 


20 


164.2 


5.29 


20 


21 


18.8 


6.51 


21 


22 


20.8 


7.35 


22 


23 


22.6 


2.65 


23 


24 


, 16.7 


0.90 


24 


25 


18.4 


1.19 


25 


27 


14.2 


1.07 


26 




0.91 
1.63 
2.U 
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170.1 

39.0 
70.8 
53.2 
217.4 
44.4 
75.5 
36.3 
29.9 
25.9 
31.8* 
138.3 
120.3 
31.6* 
76.6 
137.2 
119.2 
152.1 
117.7 
164.3 
18.9 
19.7 
22.5 
16.4 
18.4 
22.9 
14.1 



*, Assignment interchangeable. 
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Example 15: (This should be Example 16] 

Epothilone A and 12,13-bisepi-epothilone A from epothilone C 

Epothilone A, 50 mg, is dissolved in 1.5 mL of acetone and 1.5 mL of a 0.07 molar solution 
of dimethyldioxiran in acetone is added. After standing for 6 hours at room temperature, it 
is evaporated in vacuum and separated by preparative HPLC on silica gel (solvent: methyl- 
tert.butyl ether/petroleum ether/methanol 33:66:1). 

Yield: 

25 mg epothilone A, R, =» 3.5 min (analyt. HPLC, 7 pm, column 4 x 250 mm, solvent see 

above, flow rate 1.5 mLftnin) 

and 

20 mg of 12,13-bisepi-epothilone A, R, =■ 3.7 min, ESI-MS (positive ions) 
m/ z =. 494 [M+HT 

l H-NMR in [DJ methanol, selected signals: 

5 = 4.32 (3-H), 3.79 (7-H), 3.06 (12-H). 3.16 (13-H), 5.54 (15-H), 6.69 (17-H), 
1.20 (22-H), 1.45 (23-H). 



R 




O OH O 



12,13-bisepi-epothitoM A R ■ H 
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Epothildne derivative having Formula 1 




1 

where R = H. C M -alkyl; R'. R* - H. C.^alkyl. C lJr acyl. benzoyl, C w -trialkylsilyl. 
benzyl phenyl. C M -altoxy, C«-alkyK hydroxy- and halogen-substituted benzyl or phenyl; 
and the alkyl andacyl groups in these groups are straight-chain or branched groups and Y 
and Z are either the same or different and stand for hydrogen, halogen, pseudohalogen. OH. 
0-(C, J-acyl, (MC^-aUcyl or O-benzoyl or together form the O-atom of an epoxide or one 
of the C-C bonds form a C-C double bond, where epothilone A and B are excepted. 

2. Epothilone derivative having formula 2 




2 
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where R - H, C M -alkyl; R l , R l . R J = H, C^-allcyl, C w -acyl, benzoyl, C M -trialkylsilyl, 
benzyl, phenyl, C^-alkoxy-, C 6 -alkyl-, hydroxy- and halogen-substituted benzyl or phenyl; 
the alkyl and acyl groups contained in these groups are straight-chain or branched groups and 
Y and Z have the meaning according to Claim 1. 



3. Epothilone derivative according to formula 3 




where R - H, C M -alkyl; R 1 , R» - H, C^-alkyl, C.^acyl, benzoyl. C M -trialkylsuyl. 
benzyl, phenyl. C w -alkoxy, C 4 -alkyl, hydroxy, and halogen-subsututed benzyl and phenyl; 
theLl and acyl group, contained in the* group, are straight-chain or branched group, and 
TsZ generic V -C<SK -S(OK -CR*- and -SIR,, where R. * and * have 
the meanmg given above and R 1 and R 1 together can also form an alkylene group with 2 to 6 
carbon atoms; and Y and Z have the meaning according to Claim 1. 

4. Epothilone derivative according to formula 4 




4 
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where R = H, C M -alkyl; R l . R*. R\ R\ R 3 - H t C^-alkyl, C^acyl, benzoyl, C M - 
trialkylsilyl, benzyl, phenyl, C M -alkoxy-, C 6 -alkyl-, hydroxy- and halogen-substituted benzyl 
or phenyl; the alkyl and acyl groups contained in these groups are straight-chain or branched 
groups; X stands for oxygen, NOR 3 , N-NR 4 R 5 , and N-NHCONR 4 R s , where the groups R 3 to 
R 5 have the meaning given above and R 4 and R 3 together can form an alkylene group with 2 
to 6 carbon atoms; and 

Y and Z.have the meaning according to Claim 1. 



5. Epothilone derivative having formula 5 




where R = H. C M -alkyl; R\ * - H. C w -allcyl. C^-acyl. benzoyl. Cm**W 
benzyl, phenyl. C w -alkoxy-. C 4 -alkyl-. hydroxy- and halogen-sub«itu«ed benzyl or phenyl 
the alkyl and acyl groups contained in these groups are straight-chain or branched groups and 
X stands for hydrogen. C^-alkyl. C,„-*yl. benzyl, benzoyl and cinnamoyl and 
Y and Z have the meaning according to Claim 1. 
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6. Epothilonc derivative according to formula 6 
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6 

in which R = H, C M -alkyl and R l = H, C lJr alkyl. Oacyl, benzoyl, C M -malkylsilyl, 
benzyl, phenyl, C w -alkoxy-. C 4 -alkyl-. hydroxy- and halogen-substituted benzyl or phenyl; 
the alkyl and acyl groups contained in these groups are straight-chain or branched groups: 
and Y and Z have the meaning given in Claim 1. 



7. Epothilonc derivative according to formula 7 




OR* 0 



m* R - H C..-alkyl; and R\ R*. R». R* » H. C w -alkyl. C, 4 -«yl. benzoyl. C,.- 
ui which R - H. C„ aiKyi, aw . hvdroxv . and halogen-substituted benzyl 

triaUcylsilyl. benzyl, phenyl. C^alkoxy, ^^^^^L^ or branched 
or phenyl; the alkyl and acyl group, contained m the* groups are straighwnain 
groups; and Y and Z have the meaning according to Claim I. 
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8. Method for the preparation of an epothilone derivative having formula 7, according to 
Claim 7, characterized by the fact that epothilone A, epothilone B, a 3-OH-protected 
derivative of these or a 7-OH-protected derivative of these is 

(a) hydrolyzed enzymatically, especially with an esterase or lipase, or 

(b) is hydrolyzed in an alkaline medium, especially with sodium hydroxide, in a metha- 
nol/water. mixture, and the epothilone derivative having formula 7 is obtained and isolated. 

9. Method for the preparation of an epothilone derivative having formula 2. according to 
Claim 2, characterized by the fact that an epothilone derivative having formula 7, according 
to Claim 7, or as product of the method according to Claim 8, is converted into the epothi- 
lone derivative having formula 2 according to 

(a) the Yamaguchi method or 

(b) the Corey method or 

(c) the Kellogg method 

and then this conversion product is isolated. 

10 Method for the preparation of epothilone A and/or 12. 13-bisepinepothilone A, 
characterized by the fact** epothilone C is epoxidized, especially with dimethyl dioxiran or 
aperacid. 

11 Method for the preparation of epothilone Band/or 12,13-bisepi^pothUene B 
characterized by the fact that epothilone D is epoxidized. especially with dimethyUhoxuan or 
a peracid. 

12 Means for plant protection in agriculture and forestry and/or in gardening, coasting 
one or seven! of the compounds according to one of the ^^'^^ 

one or several of these compounds together with one or several usual camer(s) and/or . 

diluents). 

1, T^erapeu* .gen, especially for use a, cy^ age* ofone 
of the compounds according to one or several of Clanns 1 to 7. or ^^J^T 
according tV one or several of Claim. 1 to 7 together with one or several of the usual 
carrier(s) and/or diluent(s). 
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